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Abstract. State-of-the-art closed-Brayton-cycle (CBC) space power systems were modeled to study performance trends in a trade 
space characteristic of interplanetary orbiters. For working-fluid molar masses of 48.6, 39.9 and 1 1.9 kg/kmol, peak system pressures 
of 1.38 and 3.0 MPa and compressor pressure ratios ranging from 1.6 to 2.4, total system masses were estimated. System mass 
increased as peak operating pressure increased for all compressor pressure ratios and molar mass values examined. Minimum mass 
point comparison between 72% He at 1.38 MPa peak and 94% He at 3.0 MPa peak showed an increase in system mass of 14%. 
Converter flow loop entropy generation rates were calculated for 1.38 and 3.0 MPa peak pressure cases. Physical system behavior 
was approximated using a pedigreed NASA-Glenn modeling code, Closed Cycle Engine Program (CCEP), which included realistic 
performance prediction for heat exchangers, radiators and turbomachinery. 
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Closed Brayton Cycle T-s Diagram 
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CBC PCS Physical Model Description 

CBC PCS model parameters represent “state-of-the-art” technology 
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Case Variations 

Variations in P Deak , CPR and MW were evaluated 
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Mass Dependence for MW = 48.6 
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c\i 


05 

CL 


O 

O 

00 


CO 

CD 

Q. 

CL 


J I L 


o 

CM 


LD O LO 

(o /o ) aseo 0ouej9*0a 

UIOJJ. 0SB0JOU| SSB|/\| 




Glenn Research Center 


Mass Dependence on MW 
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Entropy Generation Rates from 
CBC Flow Loop Components 



Entropy Generation Numbers for 
CBC Flow Loop Components 



O 

CM 


LO 


LO 

O 


sn ‘jaquinN uojiejeuag Adojjug 



CO 

o 


0 ) 

o 

o 

O 

CO 

CO 

CD 


0 

C 


3 

\— 


X o 

I © 

col 


CD 


O 

0 

i_ 

0 

Q. 

3 

O 

0 

oc 


o 

co 

co 

2 

Q_ 

E 

o 

O 


o 

o 


o 

c 

0) 

O 


<0 

<D 

(0 

0) 

OC 


« 

o 


]3 

<D 


« 


(D 


CO 


</> 

c 

o 

75 

3 

O 

c 

o 

o 


0 

Q_ 


o 

CO 

o 

H— ' 

00 

CO 

E 

o 

■D 

0 

0 

0 

0 

O 

_c 

0 

0 

^ "O 

^ 0 
co C 

CD 

0 X 
0 0 

"O 0 
0 0 
0 =3 

2 5 
25 


0 

0 

0 

E 


E 

0 


si 

= CL 

£ q 

o CO 

H— -f— ' 

v^o CO 

S 0 
Jl 

■D ^ 

0 %■ 

IS 05 

0 ““ 


0 

QC 

Ql 

0O 
>* = 
CO 0 


“O 

0 

0 

0 

0 

s— 

o 

0 

■O 


0 

0 

T3 

0 

0 

0 

0 


O Q 

.E 0 

0 g 
0 u 
0 o 

E ^ 
c -x 

E 0 

E Q " 

E □- 
E^ 
CO g° 
o 

CL 

O 0 
CO 0 
OX 

CDxO 

C 

■c C\l 
0 

cb o 

g >8 

CO 8 


.x: 

03 

CD 

of 

0 

g= * 
^ 3 

00 D ^ 

00 u ~ 


0 

i_ 

0 


O O 00 


■D 
0 
0 
0 
0 

O 

^ 6 0 

0 — 03 _>^ 

o « 

E 2 

S£ O 

^ CD 

O) a- 

0 

03 ^ 


0 

0 

0 

E 

E 

0 

-I—* 

0 

> 

0 

■0 

0 

E 

0 

x 

0 

0 

0 

0 

0 

o 

-t— ' 
0 
o 

E 


CO c 
06 .2 
^ 0 

E .2 

o 0 

M_ 0 
0 

0 -o 

0 CD 
0 ■« 

o 

c 


0 

-Q 


0 

Q. 

0 


>> C/3 

Q- ^ 

O o 

-t— > 

c £ 
0 iS 

0 g 

-e E 

§ 0 

§g 

o ^ 

_0 "g 

.E & 

CL Q 

0 0 
0 0 
0 0 


^ X E S 


g> ^ 

O) ^ 

0 0 

c c 

c o 
o £ 
’■£? E 

Q- O 

0 g 

0 "t: 

x 0 
lu I- 

1 I 


E 8 

>1 

Q_ 0 
0 0 


0 

C 

0 

0 

0 

_Q 

0 


£ 

o ^ 
>i= ^ 

co ■'t 

as [n 

0 U ' 

2 0 

2$> 
£ in 
co 
c ^ 
o _x 
■■*= cg 
0 0 
0 cl 
c 0 
0 Q_ 

"2 

Q_ O 

2 co 

V- ^ 
C 0 
0 

Ex 

0 o 
0 o> 

>^3; 

0 03 

-Q H_ 

3 O 


0 

0 

■c 

0 

> 


0 

0 

0 

O 

0 


o o; 
< .£ O 2 


0 

0 

al 

EO 

0 O 
0 c 
0 0 
5 58 
2 0 
0 o 
-£ 0 
E ■o 

i? 

C 0 

O »- 

o 

2 0 
£ 0 
0 §- 

0) Q 
0 


c 0 
0 0 

0 ^ 
0 2 

o "S. 

■§ 8 
c X 
0 0 

E 0 

=6 a) 
0 
0 
o 


c 

0 

c 

o 


c 

0 


CL 0 

E % 

O 0 
O -Q 



• • 




Glenn Research Center 



Nuclear Electric Propulsion 
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